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A WARNING
CONCERNINGTHETAKE-OFFWITHKEAVYLOAD.
By ElliottG. ReidandThomasCarroll.
A successfultakeoffchhbe made
heavilyloadedthatitcannbtclimbto
the spanof itswitigs.
The explanationis thatthepower
withan airplane
a heightgreater
. . .._-
. .
so
than
requiredtomaintain
levelflightat an altitudeof theorderof thewingspanmay
be as mch as 50percentb
airplaneis justclearof
r
Thefailureofheavil
greaterthan
theground.
thatnecessarywhenthe
ingat therateattainedimmediatelyaftertheactualtake-off
is a gravehazard~ndhasresultedin greatriskor catastro-
phe in threenotableqaseswhicharecited.
1
Twoyearsagothewritersof thisnoteinstitutedand car-
riedoutan investigationf groundeffect.The resultsof
thisworkhavebeenpublishedonlyveryrecentlyinN.A.C.Ao
TechnicalReportNo 265,“A FullScaleInvestigationf Ground8
Effect.’JIn thisreportitwaspointedoutthattheclimbingr
abilityofan airplaneisfavorablyaffectedby proximityto
thegroundandparticularlyqo in thecaseofa heavilyloaded
I
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one. Oneof themostimportantconclusionstobe drawnfrom
thisworkis that
greaterthanthat
country.
At thistime
of longdur~ti.on,
an airplanecanbe takenoffwitha load
whichcanbe successfullycarriedacross
whensomuchinterestis centereduponflights
transoceanicandotherwise,whicharealmost
invariablyat~empteduponan airplaneloadedpracticallyto its
capacityforgettingoff,theimportanceof thisphaseof
groundeffectshouldnotbe underestimated,becauseitmustbe
borneinmindthataftertheairplaneis freeof thegroundit
mustclimbto a sufficientaltitudeto
ficialornaturaloriginwhichmay lie
tena changeof directionisnecessary
tak-off.
avoidobstaclesof arti-
in itspathandthat
shortlyafterthe
Threecasesinwhichtheoccurrenceof thisphenomenon
hasundoubtedlycausedtheendangeringor lossof thelives
of-
Of
thoroughlycapablepilotsareof record:
1. Sometimeagoa veryheavilyloadedseaplane,whichat
thattimewasundertestat ourlaboratoryatLangleyField,
was successfullytakenoffbut couldnotbe forcedabovean al-
titudeofabput50feetwherelevelflightwasmaintainedfor
approximatelytenmiles. A landingbecameobligatoryat tpis
pointbecausethepilotconsideredit dangerousto makea turn
undertheseconditions.Fortunately,thiswassuccessfully
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l
. accomplishedanda nortionof theloadwasremovedin order
thatthereturnflightmightbe made.
2. TheItAmericanLegion”transoceanicairplane,piloted
by thelateCommanderDavisandLieutenantWooster,takingoff
.
fromLangleyFieldunderfullloadconditions,lefttheground
aftera runwhichwasevensomewhatshorterthanhadbeenex-
pected,climbedwithrelativerapidityto an altitudeofpossi-
bly 30 to 50 feet,andcontinuedin thedirectioninwhichit
had takenoffuntilitwasnecessaryto eitherriseor turnto
It ~s evidentthatthepilotchosetheturn,avoidhightrees.
whetherornothe foundit impossibleto rise,whichhemade -.
withonlysemi-successa accomplishmentof theturnresulted
in a disastrouslossofaltitude.
3. Accordingto
GoninleftLe Bourget
pressdispatches,CaptainD’OisyandM.
Field,France,foran objectivein India
but wereunabletoattainan altitudegreaterthan30 to 60
feet(conflictingreports)andwereforcedto landafterhaving
flownapproximately2*miles. Fortunately,bothmen escaped
fromtheplane,whichwasentirelydemolishedas a result.D=
tailedtechnicaladvicesin regardto thisoccurrencearenot
at hmd as thisiswrittentwodaysfollowingtheaccident.
Someintimateknowledge of themethodof testingusedby
CommanderDavisinpreparationforhisprojectedflightisat
handas aresomelessintimatebutauthenticdataconcerning
.
..
a
*
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ColonelLindbeights preparations.Inbothcasesthetests
weredirectedalmostemtirelytowarddeterminationf thetak~
offcharacteristicsundetfullloadconditions.Particularat-
tentionwasgivento thelengthof groundrunand the
speed,whilelessconsiderationwasgivento themore
factors,therateof climbandthepossibilityof its
tionbeyondthefirstfewfeet.
take-off
important
continua-
To explainthedilemmainwhichthepilotof a heavily
loadedairplanemay findhimselfimmediatelyaftertake-off,it
willprobablybe bestto extractsomeinformationfromthe
above-mentionedreporton groundeffect.Figure1 illustrates
the reductionof thepowerrequiredforlevelflightas a cow
ventionalbiplane (WE-7) approachesthe.ground. (Theupper
curvewasobtainedexperimentallyandthevaluesforthelower
onewerecalculatedandconfirmedby flighttest;themiddle
curvewascalculatedinaccordancewiththemethodusedfor
thelowerone.) Itwillbe seenthatat an altitudeof 500ft.
levelflightmaybe maintainedat theexpenseof approximately
33.5HP. It isapparent,however,thatwhentheairplaned-
sce,ndsuntilitslowerwingis approximately7 ft.abovethe
groundonly23.5‘HP.arerequiredtomaintainlevelflight.
A pointofpar~ountinterestwillbe notedin theminimum
valueof thepowercurveforan altitudeof15 ft. Itwil~be
seenat oncethatthegreatestwartof thereductionof newer
causedbv’izroundeffecttakesPU cewithina heightemal to
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+ u. h .l ~. (Span’ofVE-7,34.4ft.)
Theconditionillustratedby these,gurvesis oharacteris-
ti~of anyconventionalirplane.Thereductionof therequired
prSwerwillbe of approximatelythesameproportionforanynor-
ma~ ai~laneflyingat comparableheights,theunitof compari-
sonbeingtakenas thespanof thewings.
Theoperationof thisphenomenonisbestbroughtoutby
consideringtheconditionsexistingduringtheinitialstages
of theflightof theheavilyloadedairplane.Letus suppose
thatsuchan airplanehasgainedflyingspeedand isat the
pointof leavingtheground.Withthe
l thepilotfinds.thathe gainsaltitude
expectundertheexistingconditions.,
engineat fullthrottle
as rapidlyas he would :
However,havingreached
a heightapproximatelyequalto thesemi-spanof theairplane,
he noticesthattherateof climbhasdecreasedalarmingly.
Slightchangesof theattitudeof theairplanearefoundtobe
of no avail. In theinterimit isprobablethathe haspassed
theboundariesof thegoodlandingsurface of theairportand
may thenbe confrontedwiththenecessityof gainingstill
morealtitudein orderto avoidsomeobstacle.Findingthis
impossible,he canonlychoosebetweencollisionwiththeob-
stacleandthedoubtfulalternativeof attemptinga turn. In
l
L
eithercasea seriousaccidentisprobableifnot inevitable.
e“ Figure2 isan illustrationf a hypotheticalcase. It
willbe seenthattheairplanebeginsto climbat a reasonable
N.A.C.A.TechnicalNoteNo.2WJ
l initialrate. Thedashedcurve
6
showswhatthepilotmightex-
pectof theairplaneif theeffectof groundinterference
causedonlya negligibleYeductionof theexcesspoweravailable
for climbing,as i’sthecasewithnormalloads. In thiscase,
however,theexcesspowerisa smallportionof thetotalpower
availableand isquic~y absorbedin overcomingtheaddedre-
sistancewhichaccompaniesthegainof altitude.Thisresults
.-
in fixingtheabsoluteceilingof theairplaneat a verysmall”
distanceabovetheground.Thesolidcurvethenindicatesthe
actualperformanceof theairplane.This,figureisaddedto
bringoutthenatureof thedanger,inmoregraphicform. i
To avoidgettingintothisdangerousconditionwhenan air–
planeis takingoffwithan unusuallyh.5avyload,a care<ul
studyof theratesof climbwithsmallerloadsshouldbe made.
It is to be expectedthatthecurveof rateof climbvs.load
willreacha zeroratefez?a loadconsiderablysmallerthan
thatwhichcanbe takenoffat attainablespeedsandwithin
lengthsof ground~n possibleon existingairports.
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